The photoelectron spectra of the tautomeric 1,2,3,-and 1,2,4-triazole and 1,2,3,4-tetrazole systems have been compared with the corresponding N-methyl derivatives. The dominant tautomers in the gas phase have been identified as 2H-l,2,3-triazole, 1H-1,2,4-triazole and 2H-tetrazole.
Introduction
In a previous study [1] one of us reported the gas phase He(I) photoelectron spectra for the aza derivatives of pyrrole (la), derived by progressive substitution of S^CH by S^N, namely pyrazole (2a), imidazole (3a), 1,2,3-triazole (4a), 1,2,4-triazole (5 a) and tetrazole (6 a). The spectra obtained in the latter three cases relate to tautomeric mixtures, namely 4a5a%8a, 6a%9a, and it had been assumed that the tautomer present in the gas phase would be the same as in the solid state or solution, there being no evidence to the contrary; thus we assigned the spectra on the basis of 4a, 5a and 6 a rather than 7 a, 8 a or 9a, respectively [2, 3, 4] .
Two pieces of information have subsequently made us reconsider this topic. The dominant tautomer present in the (gas-phase) microwave spectrum of 1,2,3-triazole is now thought to be the 2H-form (7a), previously not identified because of its very low dipole moment (relative to 4a) [5] . Secondly, as part of an investigation of nuclear quadrupole coupling using large basis sets [6] , we unexpectedly found that assigned geometries for some of the un-observed tautomers (7 a, 8 a. 9 a) led to energies very similar to those using known structures for the other compounds (e.g. 4a und 5a); optimisation could lead to a reversal of assignment for the thermodynamically most stable tautomer.
In the present paper we report (a) a comparison of the photoelectron spectra of the tautomeric mixtures with the corresponding N-methyl compounds of each type, e.g. 1,2,3-triazole with 4b and 7b; (b) ab initio calculations of the optimum geometry for each tautomeric form, with a view to determining the calculated equilibrium ratio from the energy difference (Figure 1) . 
Methods (a) The Photoelectron Spectra

(b) Ab Initio Electronic Structure Calculations
These proceded in stages as follows: -(i) a minimal basis (7s3p/3s; MB) for (C, N/H) was used for a full gradients procedure search for the lowest energy structure. This is a different procedure to that adopted in our recent paper on 9-membered ring heterocycles [7] where the method involved gradients of total energy with respect to cartezian coordinate followed by up-dating of a Hessian matrix; the new method, using the HONDO program [8, 9] , uses a gradient procedure based upon derivatives of the integrals over the gaussian basis [9] . The program was implemented on an ICL 2972 computer; optimisation was started from an assigned geometry [6] and cycled until the energy had converged to 0.00001 a.u. (1 a.u. = 2626 kJ mol"*) and the bond lengths and angles to 0.001 Ä and 0.01° respectively. A recent example of the power of this method using our basis for nitrogen is for S4N2 [10] where a crystal structure has recently been reported [11] ; the two structures are nearly identical, (ii) At the end of the optimisation phase the calculations were extended to a double zeta (DZ) basis [6, 12] at the previously computed equilibrium geometry. This was to confirm that (a) no major change in either orbital ordering had occurred in the region of interest to the present photoelectron spectra, and (b) to check that the electric field gradients (c.f. [6] ) (EFG) were not markedly effected by the geometry optimisation. These are discussed below (and elsewhere for the EFG), but we note that energy differences between tautomers must ideally be determined at the equilibrium geometry, and hence refer to the minimal basis calculations in the present work.
Results and Discussion
(a) The Final Equilibrium Geometries
The final equilibrium (computed) geometries for each tautomeric pair are shown in Fig. 2 , and the total energies in Table 1 . Both MB and DZ bases predict the 2H-tautomer to be more stable than the IH-for 1,2,3-triazole, in agreement with the microwave data [5] . The ratio is predicted to be (2H/1H) 1.68 from the MB calculations, while the less rigorous value from the DZ ones is 586; the two values thus bracket the experimental estimate (~100). To date 4H-l,2,4-triazole has not been detected experimentally, and the present calculations suggest that the lH-isomer is more stable than the 4H by 11.3kJmol-i (MB), (or 21.4 kJ • mol -1 from the DZ calculations). These lead to equilibrium constants of 93 and 5300 respectively, the former being more rigorous. The results for the 
(b) Assignment of the Dominant Tautomers from the Photoelectron Spectra
Provided substitution of NH by NMe does not lead to a major change in spectrum, it should be possible to assign the NH-compound spectra of the mixture to a particular tautomer; this has been done previously for the pyridinone-hydroxypyridine systems (10a-d, 11a-d) [13] ; previous studies of the pyroles (la, b) and imidazoles (3a, b), where no tautomerism is possible [14] have shown the low binding region to be very similar for the NH and NMe compounds.
Replacement of an NH-delocalised bonding orbital by NMe leads to the introduction of three new valence shell orbitals of (Ai -f-E) symmetry, in the local C3V framework. In aromatics, the E levels are split into E a and E n , and are near 14 eV 
1,2,3-Triazole
It is apparent that the spectrum of the tautomeric mixture (Fig. 3) is much more similar to that of the 2-methyl-(7 b) than the 1-methyl tautomer (4 b); the width and placing of the IP's is such that it is not possible to say whether the minor compo- nent is present in small amounts or below the detection limit for the technique (say 0.1%). The dominance of the 2H-tautomer is, however, consistent with recent microwave studies [5] and the computed relative energies of the present study.
1,2,4-Triazole
The spectrum of the 4-methyl isomer (8b) Fig. 4 is markedly different in the low binding Region A when compared with either the 1-methyl compound (5b) or the tautomeric mixture; we conclude that the latter is almost entirely in the lH-form (5 a) in the vapour phase, and thus is the same in solution and solid state measurements made to date. This is consistent with the high difference in computed energy between 5a and 8a.
Tetrazole
The assignment for tetrazole shows the 2H-tautomer (9a) to be dominant; the almost complete absence of the lH-form (6a) can be assumed from the absence of a broad band near 12.8 eV which occurs in the 1-Me spectrum. The presence of marked vibrational structure on the tautomer spectrum and that of the 2-methyl compound (9b) is very evident (Figure 5 ).
Conclusions
The present results confirm the earlier suggestions that the most stable tautomer for 1,2,3-triazole in the gas phase is the 2H-one (4 a), and that photoelectron spectroscopy can be used to differentiate between tautomers in cases of this type. 1,2,4-Triazole appears to be in the lH-form under all conditions so far investigated, and the calculations suggest that this is likely to be true for most circumstances. In contrast, the energy difference between the tautomers of tetrazole is clearly small, and either tautomer can be anticipated, depending upon conditions. The 2H-tautomer is dominant in the gas phase at low pressures. It seems probably that the assumption of particular tautomeric structures for the vapour phase based upon solution or crystal data is likely to be hazardous, since further examples in the hydroxypyridine-pyridinone (10-11) systems have led to be the same conclusion [13] . Relative energies based upon arbitrary choices of geometry seem particularly suspect, and the failure of the present ab initio minimal calculations for tetrazole make the use of even more restricted basis sets, such as in semiempirical calculations even less reliable. 
